Selenium (Se) is an essential trace element for animals and human beings (1, 2) that must be supplied in diets so that growth and health can be maintained . Previous studies have demonstrated that the availability of Se is affected by the other trace elements (3-6). Studies with experimental animals have shown that higher level of Zn induced a Se deficiency in chicks (3), and large amounts of Se-antagonistic elements produced Se-vitamin E deficiency in ducklings (4 , 5). Naganuma et al. (6) reported that the i.v. coadministration of Cd or Zn signifi cantly altered Se distribution in the body of mice. However, it must be emphasized that the levels of Se-antagonistic elements used in these experiments were so much higher than those normally found in the diets as to be difficult to assess the biological significance of such interactions at the usual levels likely to be encoun tered by animals or humans. This study was designed to investigate the effects of dietary Zn and Cd at small excess levels on tissue Se concentration and glutathione peroxidase (GSH-Px) activity in rats. 
RESULTS
There were no significant differences in food consumption values recorded, mean body weight gain and tissue weights between basal and treatment groups . Hematocrit and hemoglobin values were also found to be in normal range for all rats with various dietary treatments.
The effects of Zn and Cd on tissue Se levels are shown in Tables 2 and 3 . Se concentrations of plasma, erythrocytes, muscle, heart, and liver were markedly lower in the basal group than in Se-treated groups. The concentrations of Se in plasma, muscle and heart in rats fed Se-Met were significantly greater than in rats fed SeL (p<0.05 or greater), however, no differences were found in erythrocytes and liver. The concentrations of Se in plasma, erythrocytes, muscle, heart, and liver were significantly increased by Zn (p<0.05 or greater) based on analysis of variance. A significant interaction (p<0.05) of Zn-Cd on Se concentration was noted in plasma. Cd, however, significantly decreased (p<0.01) Se concentration in muscle, and a significant interaction of Cd-Se (p<0.01) was observed. The interaction of Se-Zn-Cd on Se concentration only was observed in muscle (p< 0.05), no significant interaction could be demonstrated in other tissues. The effects of Zn and Cd on activities of GSH-Px in erythrocytes, plasma and liver are summarized in Table 4 . GSH-Px activity was significantly lower in all tissues of rats fed basal diet than in those fed Se-treated diets. Significant effects of Zn and Cd on plasma GSH-Px activity were not observed. Erythrocyte GSH-Px activity was significantly increased (p<0.001) in rats fed Cd in comparison to the others fed the diets without addition of Cd. Zn significantly increased (p<0.001) hepatic GSH-Px activity, but Cd(Se-Met+Cd or SeL+Cd) tended to decrease its activity compared with rats fed Se-Met or SeL while the feeding of Zn (Se-Met+ Zn and SeL+Zn+Cd) did antagonize the effect of Cd on hepatic GSH-Px activity. 
DISCUSSION
The basal diet used in this experiment was considered to have adequate essential trace elements (except Se and Zn) and other necessary nutrients to support normal growth of rats (7). Under the present condition, Zn content in basal diet was near marginal deficiency (8.6mg/kg); this level did not result in significant decrease in diet consumption and body weight, and no externally manifested signs of Zn deficiency were observed. The Se level (0.1mg/kg) used was normally regarded as the physiological requirement to maintain maximum GSH-Px activity in rats (13) while Zn and Cd levels used were small excess. Our results showed that Zn or/and Cd had no effect on diet intake and growth of rats.
Se concentration in tissues of rats fed Se-Met was higher than in those of rats fed SeL, suggesting that Se-Met is more efficiently absorbed and retained than SeL (14) (15) (16) . The higher deposition of Se from Se-Met than from SeL in tissues is consistent with those obtained by other authors (17, 18) . The magnitude of dif ference caused by different forms of Se was greatest in the muscle. However, it was dependend on the doses; the differences in accumulation of Se from Se-Met versus SeL in tissues become more pronounced as the level of Se increases (18) . The results from the present study showed that Zn markedly elevated Se concentrations in plasma, erythrocytes, muscle, heart, and liver, and Se and Zn had a significant synergic interaction on plasma Se concentration. This observation was supported by the results of LU and Combs (19) and Chmielnicka et al. (20) , who showed that excess Zn in purified diet slightly enhanced by 14-31% the concen tration of Se in chick liver compared with normal control (19) and that combined administration of Zn and Se increased Se retention in brain, spleen, kidneys, blood, lungs, and heart of rats (20) . However, the results of the present study were different from those obtained by Naganuma et al. (6) We were unable in our study to document a specific increase in tissue Se concentration with Cd treatment as has been reported by Naganuma et al. (6) and Ganther and Baumann (21a) . Nevertheless, we did confirm the significant negative effect of Cd on Se concentration in muscle, and the interactions of Se-Cd and Se-Zn-Cd on Se concentration in muscle in the present experiment. Similar observations were reported by McDowell et al. (22), who observed that the addition of Cd (3mg/kg diet) to low Se diet significantly reduced the Se concen trations of pig testes compared with control animals. The lack of effect that Cd increased Se retentions in tissues in our experiment probably reflects not only the differences between the route, level, and duration of Cd administration but also differences in animal species. The mechanism by which Zn and Cd affected availability of inorganic (Se+4) or organic form (selenomethionine) is not fully known. The present results suggest that the interactions between essential trace elements and toxic elements may result in the increase of Se requirement in animals (4).
It has been demonstrated that the biochemical function of Se in tissues is an integral component of GSH-Px (23) . The present data showed that a small excess Zn produced a significant increase (p<0.001) in hepatic GSH-Px activity. These results agree well with the effects of Zn on tissue Se concentrations, and it would not be unreasonable to speculate that the availability of Se for GSH-Px in tissues would be improved if a small excess of Zn is present in diets. The possibility that Zn increased Se availability for GSH-Px in tissues is probable because (a) Zn signi ficantly increased Se retention in tissues, as indicated by the works of Lu and Combs (19) and Chmielnicka et al. (20) ; and (b) Zn performed an important function in interference with Se-antagonistic trace element (for example, Cd), which was supported by the following: the decrease of Se concentrations was noted in muscle of rats fed a diet with addition of Cd, and significant interactions of Se-Cd and Se-Zn-Cd in muscle and Zn-Cd in plasma on Se concentrations were observed. This study seems to be able to demonstrate that a small excess of Zn could increase Se availability for hepatic GSH-Px and marginal Zn deficiency decreases its availability. However, the present results are different from results obtained by other authors who found that excess Zn (500mg/kg diet as ZnO) did not affect the metabolic utilization of Se in chicks since no effect was found in the activity of Se-dependent GSH-Px in plasma and liver (19) . The effect of Zn on hepatic GSH-Px activity has not been shown before, primarily because very high levels of Zn and different species were used (19, 24) .
Most studies on Cd were in the public problems of Cd toxicity. In vitro studies showed inhibition of GSH-Px by Cd (24) . However, in the present study, eryth rocyte GSH-Px activity was slightly elevated in the rats fed Cd, but Se concen tration was not affected, which did not agree with the activity of GSH-Px in liver. At present, the reason for the effect of Cd on erythrocyte GSH-Px activity is unexplainable, suggesting that the effect could be a non-specific effect in view of turnover of erythrocytes. Although some studies showed that Cd may be essential for the growth of rats (25) , further studies are obviously needed. 
